ABSTRACT
The storage as malic acid, of CO2 acquired from the atmosphere during the night, and, in the following day, its release and photosynthetic utilization behind closed stomata comprise the essentials of CAM.
Although deacidification will occur after prolonged dark periods (10) , it is clear that, under normal daylight regimes, light plays an important part in the process which results in the release of CO2 from malic acid (deacidification) (10) . The rate of deacidification has been shown to be irradiance-dependent (4, 5) and it has also been reported that far-red light is of special significance in stimulating the release of CO2 from malic acid (7) . The reversal of this effect by red light suggested the involvement of phytochrome as a light receptor although the reversal of stimulation by cessation of far-red light irradiation indicates that the phenomenon may not be the classic phytochrome response.
Phytochrome has also been implicated in what appears to be a separate aspect of the relationship between light and deacidification, that is the effect of light on the rhythmic variation of the capacity of CAM plants to accumulate and consume acid. In CAM, as in many other rhythmic phenomena, phytochrome appears to be involved in phase-setting (6, 9) .
There can be no doubt that the influence of light in CAM is complex and incompletely understood. Accordingly, the present work, which involves a detailed investigation of the effects of light quantity and quality on deacidification and for comparison, photosynthesis, in a CAM plant, was undertaken. Figure 1 shows saturation curves in white light of malic acid consumption in acidified leaf material and photosynthetic oxygen evolution in deacidified leaf slices. Deacidification saturated at a much lower photon fluence rate (about 500 'Umol m-2 s-') than oxygen evolution (above 2,000
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,umol m-2 s-1). The highest rates of deacidification observed were around 70,mol malic acid mg Chl' h-' (presumably equivalent to CO2 released) and the hiFhest rates of oxygen evolution were about 40 ,umol 02 mg Chl h-(presumably equivalent to CO2 uptake). These values are of the same order of magnitude as those observed by Day (3) and Usuda (11) , respectively. At all photon fluence rates, including the higher values which were comparable to noon summer sunlight, maximal rates of malic acid deacidification were substantially greater than those of oxygen evolution.
It has been shown previously (1) that CO2 accumulates within the internal gas phase of CAM plants during illumination following malic acid accumulation in darkness. This CO2 accumulation is believed to be involved in the daytime stomatal closure characteristic of and essential to CAM. The present finding that CO2 release is likely to be more rapid than CO2 fixation under all conditions of irradiation readily accounts for this accumulation.
Action Spectra of Deacidification and Photosynthesis. The relationship between wavelength, photon fluence rate, and rate of deacidification is shown in Figure 2 , and oxygen evolution is shown in Figure 3 . The action spectra in Figure 4 relate to data drawn from Figures 2 and 3 at a photon fluence rate of 200 ,umol m-2 s-i which was sufficient to cause a readily measureable rate of deacidification and photosynthesis, but did not saturate the process in the most effective wavelengths.
The deacidification action spectrum experiments utilized fully acidified leaf material containing approximately 200 ,ueq total acid g-fresh weight. Although changes in malic acid were readily measurable, no consistent changes in the levels of citric or isocitric acids were observed during the 5-h experimental period.
In the case of the photosynthetic action spectrum, it was necessary to ensure that oxygen evolution was not limited by the rate of release of carbon dioxide from malic acid or perhaps influenced !c20 Figure 3 from which the action spectrum of photosynthetic oxygen evolution (Fig. 4) is derived were performed with leaf tissue containing minimum amounts of acid (less than 25 ,ueq total acid g9' fresh weight). Saturating levels of sodium bicarbonate were supplied as carbon source.
The measurement of photosynthetic rates in CAM tissue is complicated by the daytime closure of stomata characteristic of this phenomenon and by the endogenous supply of CO2 by malate decarboxylation. Measurement of oxygen evolution circumvents the problems related to malate decarboxylation. The possibility of light-induced closure of stomata influencing the apparent rate of oxygen evolution was avoided by using fine slices of leaf material, a mode of preparation which was also consistent with the requirements of the oxygen electrode. Although every attempt was made to maximize the rates of photosynthetic oxygen evolution, the possibility remains that the rates observed in the sliced tissue may not necessarily equal rates achieved in intact tissue.
There is a marked correspondence between the two action spectra. In both deacidification and photosynthesis, light of around 650 nm is used most efficiently. Above 700 nm, there is a marked decline in the efficiency of light utilization.
The close similarity between the two action spectra strongly suggests that the same pigments are responsible for the acquisition of light energy in both photosynthesis and deacidification.
Previous work (7) which indicated a special role for far-red light was carried out using fluence rates much lower than the 200 ,umol m-2 s-i to which the data displayed in Figure 4 refer. Figure 5 shows the relationship between deacidification at low fluence rates similar to those used in earlier work. (Table I) . This demonstrates that, in the single waveband experiments on which the action spectrum in Figure 4 was based, deacidification was never limited by the inability of certain wavelengths to supply adequately quanta to photosynthesis.
It seems clear that the light which promotes deacidification is absorbed by the same pigments which absorb photosynthetically active light. The finding that diuron, a specific inhibitor of PSII, prevents deacidification (8) indicates that the link between the photosynthetic pigments and the deacidification process is not direct but involves the participation of some aspect of photosynthetic electron transport or carbon metabolism. The nature of this link has yet to be elucidated.
